As it is an urgent issue to contain increasing healthcare expenditures, unlimited reimbursement of pharmaceuticals continues to be controversial. The objective of this study is to identify acceptable incremental cost eŠectiveness ratios between new and conventional therapies. Clinical study data forˆve statin therapies were used to indicate treatment eŠec-tiveness and incremental costs were indicated by price premiums at price listing. The incremental cost eŠectiveness ratios to pravastatin were 0 yen/patient with response, 1,475.1 yen/patient with response, 3,033.3 yen/patient with response, and 3,032.4 yen/patient with response. By conducting further analyses in various pharmaceuticals and categorizing acceptable incremental cost eŠectiveness ratios based on the disease severity and expected level of improvement in disease condition, drug prices that re‰ect the value of new pharmaceuticals and that are reasonable to be reimbursed can be suggested.
INTRODUCTION
Healthcare expenditures in Japan exceeded 3.3 trillion yen in 2005 and continue to increase. Innovation, such as recombinant technology and development of molecular-targeted drugs, has brought about signiˆcant advances in treatment of diseases that were considered intractable. At the same time, however, it is also true that such high-priced therapies have placed a burden on the health insurance budget. As it is an urgent issue to contain the increasing healthcare expenditures, rationality for unlimited reimbursement of pharmaceuticals is often discussed in the Central Social Insurance Medical Council and on other occasions. In Japan, new drug prices are determined by the Minister of the Health, Labour and Welfare. In most cases, new drugs are priced by a comparative method, in which daily costs of a new drug is set equivalent to those of a comparator drug, the most similar drug available to the new drug. If the new drug has superiority over the comparator drug, the calculated price is adjusted with price premiums. 1) The amount of premiums is not set at an absolute value but premium rates are set according to the level of superiority. Therefore, the higher the calculated price is, the premiums become larger and ultimately, impact on the healthcare expenditures become greater. Furthermore, when the gap between the calculated price and average price in four overseas countries exceeds a certain level, an upward or downward price adjustment is made.
The value of a pharmaceutical, including not only the costs of the pharmaceutical but also the outcome brought about by the pharmaceutical, may be evaluated by pharmacoeconomic analyses. In order to measure incremental eŠectiveness of a pharmaceutical, an incremental cost eŠectiveness ratio between a conventional therapy and the new drug is estimated using the following formula.
Costs of new drug-costs of conventional therapy EŠectiveness of new drugs-eŠectiveness of conventional therapy
In Western countries, there are attempts to refer to values deˆned by incremental cost eŠectiveness ratios in decision making for reimbursement. For examples, Laupacis et al. (1992) in Canada indicated eŠective-ness of a new therapy by quality adjusted life year (QALY) and suggested that reimbursement is highly reasonable when incremental costs per QALY fall below $20,000, while reimbursement is fairly reasonable when incremental costs per QALY are between $20,000 and $100,000 and is unreasonable when they exceed $100,000. 2) In the UK, it was reported that reimbursement is likely to be approved when in- Therefore, thresholds of incremental cost eŠective-ness ratios to conventional therapies were estimated to provide an indicator for decision making in reimbursement of new pharmaceuticals. In the analysis, treatment eŠectiveness was indicated by clinical e‹ca-cy, which is used in clinical study evaluation, and incremental costs were estimated by price premiums at price listing. The analysis was made in statin therapies, which are used for hyperlipidemia treatment.
MATERIALS AND METHODS

Cost EŠective Analysis EŠectiveness
There are many diŠerent endpoints in clinical studies to evaluate eŠectiveness of drug treatment. In order to estimate acceptable incremental cost eŠectiveness ratios, which is the objective of this study, it is preferable to use an eŠective-ness indicator that is common to as many pharmaceuticals as possible. Therefore, the percentage of patients who achieved the treatment target was regarded as an eŠectiveness indicator. However, as the percentage varies depending on the disease severity, it must be noted that the fact that the percentages are the same does not mean the therapies are of equal value. To estimate eŠectiveness of statin therapies, clinical study data that were submitted on new drug application and were referred to by the Ministry of Health, Labour and Welfare (MHLW) for drug pricing were used. 4 7) In those clinical studies, the endpoint was set at the reduction rate of cholesterol levels from baseline. If the reduction rate is used as incremental eŠectiveness, an analysis would be made based on the premise that the eŠectiveness doubles as the reduction rate doubles, which is not appropriate. Therefore, the percentage of patients who achieved the treatment target was estimated based on clinical study data referring to the analytical method used by Wilson et al. (2003) . 8, 9) The details are as follows.
Step 1: Distributions of low density lipoprotein cholesterol (LDL-C) values in the study subjects were estimated for four statin therapies, ‰uvastatin, atorvastatin, pitavastatin, and rosuvastatin, based on the average baseline LDL-C level in the comparative clinical studies. The values were stratiˆed (hereinafter BAND) by every 5 mg/dl ( Table 1) . It was assumed that LDL-C values in the study subjects were a population of normal distributions.
Step 2: The LDL-C reduction rate required to achieve the treatment target was calculated for each BAND ( Table 1 ). The treatment target was set at an LDL-C level of 120 mg/dl according to the 2007 Japan Atherosclerosis Society Guidelines for Diagnosis and Treatment of Atherosclerotic Cardiovascular Diseases, 10) which were developed by the Japan Atherosclerosis Society.
Step 3: The number of patients who achieved the treatment target was estimated in the case that each statin therapy was administered to 1,000 patients. The estimation was made as follows. The number of patients who achieved the treatment target in each BAND of each therapy was calculated based on the LDL-C reduction rate required to achieve the treatment target in each BAND and average LDL-C reduction rate in each therapy. For the average LDL-C reduction rate in each therapy, the average reduction rate after 12-week treatment in the comparative clinical studies was referred to Table 2 . It was assumed that LDL-C reduction rates were normally distributed with the standard deviations in the clinical studies and the same dosages were administered to the patients in all the BANDs. The number of patients who achieved the treatment target was estimated for each therapy by totalling the number of patients who achieved the treatment target in each BAND.
Incremental Costs
As the comparator drugs used in drug pricing were the same as the control drugs used in the clinical studies, price premiums at price listing were regarded as incremental costs per day for each therapy ( Table 3) . As the treatment period in the clinical studies was 12 weeks, costs for the drug treatment were calculated by multiplying the daily incremental costs by 84 (7 days×12 weeks).
Impact on Healthcare Expenditures
For pitavastatin and rosuvastatin, an increase in annual healthcare expenditures due to the new drug price listing was estimated based on the market size forecast provided in the document submitted by the pharmaceutical company to the MHLW for drug pricing. The increase in healthcare costs was calculated by multiplying the incremental costs to the comparator drug by the expected number of patients provided in the forecast.
RESULTS
Estimation of EŠectiveness
Assuming that in each statin therapy, its comparator drug was administered to 1,000 patients each, the number of patients who were able to achieve the treatment target was estimated ( Table 3) . The number varied depending on the clinical study and ranged from 142 to 248 for pravastatin, which was used in three clinical trials of the clinical studies referred to in this analysis.
Estimation of Incremental Cost EŠectiveness Ratios
When reduction of the LDL-C value to the target level was regarded as the eŠectiveness indicator, the incremental cost eŠectiveness ratio to the comparator drug was the largest in rosuvastatin (8,944.4 yen/patient with response) followed by pitavastatin (3,033.3 yen/patient with response) and atorvastatin (1,475.1 yen/patient with response) ( Table 4 ). The incremental cost eŠectiveness ratio was 0 yen/patient with response for ‰uvastatin as price premiums had not been given to ‰uvastatin. For rosuvastatin, an upward price adjustment had been made according to the overseas price adjustment rule. Since cost eŠectiveness is not re‰ected in overseas price adjustment, the prices before overseas price adjustment were used in the basic analysis. At the same time, however, it can be considered that the prices after overseas price adjustment are the reimbursement price accepted under the health insurance program. When the price after the adjustment was used in the analysis, the incremental cost eŠectiveness ratio increased to 12,677.8 yen/patient with response.
Impact on Healthcare Expenditures Introduction of pitavastatin and rosuvastatin to the market caused an increase of approximately 3.6 billion yen and 3.9 billion yen (5.6 billion yen after an upward price adjustment), respectively, in the annual healthcare costs ( Table 5) .
DISCUSSION
This study was conducted to estimate acceptable incremental cost eŠectiveness ratios to conventional therapies to provide an indicator for decision making in reimbursement of new pharmaceuticals. In other countries, quality adjusted life year (QALY), which is a common indicator to all treatment methods, is used to indicate eŠectiveness in similar investigations. Considering methods of standard clinical studies in the country, however, it is not always realistic to use QALY for such analyses. Therefore, the number of patients who achieved the treatment target was estimated based on outcome measurements in clinical studies, and was used as the eŠectiveness indicator in the analysis. The incremental cost eŠectiveness ratio was estimated based on price premiums and clinical study data for statin therapies, which are used for hyperlipidemia treatment. This represents costs required for a patient to achieve the treatment target, and in other words, it can be regarded as a value de- In the analysis of cost eŠectiveness, eŠectiveness was indicated by the number of patients who achieved the target for statin treatment. However, in the actual comparative clinical studies, the e‹cacy was evaluated based on the diŠerence in cholesterol levels between before and after treatment, and thus the number of patients who were able to achieve the treatment target was estimated based on the clinical study results. It is therefore considered that indicating treatment eŠectiveness by achievement of the treatment target can appropriately re‰ect a manner in clinical practice.
The more recently the statin therapy was developed, the larger the incremental cost eŠectiveness ratio became (from 0 to 8,944.4 yen/patient with response). The incremental cost eŠectiveness ratio of rosuvastatin was 8,944.4 yen/patient with response to atorvastatin. That of rosuvastatin to pravastatin drawn on a graph of incremental cost and incremental eŠectiveness was 3,032.4 yen/patient with response, which was almost equal to that of pitavastatin to pravastatin. When these costs are regarded as the upper limit of the acceptable incremental cost eŠective-ness ratio, it can be said that atorvastatin was priced low (Fig. 1) .
In this study, eŠectiveness of each therapy was estimated based on data for a clinical study, and relative eŠectiveness of each therapy was estimated based on data for the clinical studies conducted under diŠerent conditions. As a result, eŠectiveness of pravastatin ranged from 142 to 248. This process may appear imperfect to identify true eŠectiveness of each therapy.
For drug pricing, however, a new drug is evaluated primarily based on data for a clinical study and the results of the evaluation are re‰ected in price premiums. Considering the objective of this analysis, which was to identify the value recognized for clinical eŠec-tiveness of drug treatment, the process of the analysis is thus considered appropriate.
The reasons for using statin therapies for hyperlipidemia treatment in this study included 1) the statin therapies are widely used in the country, 2) treatment of hyperlipidemia has signiˆcant impact on the socioeconomy as hyperlipidemia is a chronic condition, and 3) there are more than a few premiumpriced drugs with comparable therapeutic eŠect. Further analyses should be conducted in various pharmaceuticals in the future, and by categorizing acceptable incremental cost eŠectiveness ratios based on the disease severity and expected level of improvement in disease condition and identifying acceptable incremental costs per unit, drug prices that re‰ect the value of new pharmaceuticals and that are reasonable to be reimbursed can be suggested.
